CHAPTER 3. INDUSTRIAL R&D

Although government R&D budgets have recently  An important aspect of Japanese industrial R&D is
increased, industrial laboratories still conduct the vasto go beyond the limits of the technology—to make
majority of Japan’s research, funding nearly 75 percepktter and better products. For example, Japanese
of the total resources for R&D and employing nearly companies are world leaders in engineering very fine
70 percent of the research scientists and engineers fibers, and also in bringing the purity of iron to ex-
(table A-4 and table 3). Until the economic recession @emely high levels. This type of research is especially
1992, the annual R&D budget for the Japanese firm appreciated in Japan. The pursuit of the extremes of a
Hitachi alone equaled the total amount administered b@fchnology takes a consistency in R&D support, which
the Ministry of Education (Monbusho) to university  Japanese industry has been willing to continue, some-
research (Barker, 1996). Large Japanese companies times for over 20 years, to accomplish a breakthrough
have built central laboratories for long-term strategic (Hara, 1996). (Se€Toray Industries’ Adaptive Re-
research. While academic science was in an impoversearchi as an example of Japan’s strong commitment
ished state throughout the 1980s, corporate science to such research.)
flourished. Thus, corporate science dominates many
fields in Japan. Besides demonstrating a great consistency in

research, Japanese industry has also provided life-long

The Japanese model of imported technology and training to its scientists and engineers. Leading indus-
adaptive R&D to rebuild its industry and technology tries recruit very good students from high ranking
following the devastation of World War Il was very  universities and department chairs. Once hired, young
successful. Technological development was led by  researchers are given in-house education, attend inter-
close cooperation between MITI and various indus- national conferences, and are continuously in contact
tries. What is sometimes mistakenly perceived as  with academic and professional societies. Top young
“copying” from the West enabled Japan’s significant research scientists and engineers are encouraged to
industrial investment in R&D to adapt and extend  earn their doctorate through industry, calledbun,or
technologies. The section below, Overall Industrial  thesis doctorates. The majority of senior researchers in
R&D Trends, provides some indicators of Japan’s  industry haveonbondoctorates; the minority of senior
heavier industrial investment in R&D compared with industrial researchers earned course-work doctorates in
that of the United States. universities.

Toray INDUSTRIES A DAPTIVE RESEARCH

Toray Industries exemplify some of the corporate R&D strategies for competitiveness that
have contributed to Japan’s trade surplus in high technology products. Toray, a textile compgny
established in 1923, purchased licensing agreements from Dupont (1953) for production of nylon,
and from the United Kingdom (1971) for carbon fiber production.

Through 20 years of R&D in its advanced composite materials laboratories, Toray has
produced carbon fiber products with the highest tensile strength in the world. Japan is now tTe
biggest carbon fiber producer in the world, exporting half its production to the United States for
use in the aircraft industry and for high quality sporting goods. When the United Kingdom sold
Japan the licensing agreement for carbon fiber production, it did not envision all the large mgrket
applications of carbon fibers (Hara, 1996).
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Industrial career development programs also declined an average of 3.1 percent annually from
include sending researchers to universities throughout991-94. In the United States, industry investment in
the world—though mainly to the United States—for a R&D rose from $32.2 billion in 1975 to $79.8 billion
period of 1-2 years as visiting researchers or doctorain 1992, representing an average-annual growth rate of
students. In general, Japanese industrial researchersfafepercent. In the United States, a slowdown in the
sent abroad after obtaining their master’s degrees, economy resulted in a slight decline of industrial
usually for 2-3 years, to top research universities thasupport of R&D in 1993-94. The average rate of
specialize in fields of particular interest to Japanese decline was 1 percent over this period. More recent
industry. For example, University of California at (preliminary) data for U.S. industrial R&D funding,
Irvine is often selected by Toshiba researchers for however, show an expected 3.5-percent increase for
advanced training in biotechnology, machinery, and 1995-96 (figure 13). The continued decline in Japa-
electronics, because of its close proximity to a large nese industrial R&D stems from a prolonged economic
Toshiba factory that produces personal computers  recession.

(Takayanagi, 1996).

Corporate laboratories also provide donations to Figure 13. National industrial R&D expenditures

leading Japanese national universities, are closely | wilions of constant dollars
related to professors knowledgeable in specific fields| 120.000
of R&D, and hire their students. In some fields, such §100,000
electronics, researchers go to Japanese universities 1

U.S. total

—

advanced training, or to government research laborat 80.000 P
ries in Tsukuba Science City (Hara, 1996). In the pas{ 60,000 — === US. company-funded
donations of equipment and scholarship funds to 40,000 //,// PPN
universities and non-formal exchange of information T e Japan
have provided a loose coupling between industry and 20000 et

Japanese universities, but no strong involvement of 0

university faculty in specific research projects. In 1975 1980 1985 1990 1995

contrast, professors in the United States are able to bsse appendix tables A-4 and A-5.

directly employed by companies. Programs for indus-

try—university joint projects are being established in Declines in overall R&D were somewhat softened

Japart? but regulations related to external payments by increases in R&D in the service industries. U.S.

to professors (who are civil servants) may require  industrial research in the manufacturing sector had

2-5 years to resolve. (Takayanagi, 1996). strong growth in the early 1980s, level funding in the
mid-1980s, and declining budgets every year since
1989. At the same time that manufacturing industries

OvEeERALL INDUSTRIAL R&D TRENDS decreased their investments in R&D, service sector
industries increased their R&D. In addition, part of

¢ dln dbOth th_e United dStat(_edsl a?d Japan, induhstriallyk R&D previously classified as manufacturing is now
unded R&D increased rapidly from 1975 to the pea classified in service industries. By 1993, the service

year_ir:j199_1,| foIIow_e d by stagnant, ?]r slightl_y dec:]in- sector in the United States accounted for approxi-
Ing, industrial R&D investments each year since t €N mately one-quarter of industrial R&D (figure 14 and

Japanese industry investment in R&D rose from $11.4,,, A-10). In contrast, Japanese industrial R&D
billion in 1975 to $44 billion in 1991, representing an

8.9-percent average annual growth rate (table A-4). |
the peak year of industrial support of R&D, 1991,

private industry accounted for 78 percent of overall As a percentage of Gross Domestic Product
R&D in Japan. Industrially supported research in Jap%@Dp), Japanese industrial R&D doubled from

12Subsequent to the Japanese student riots in the 1960s to 1975—90, and has declined slightly in the 1990s
protest industry interaction with universities, mainstream professdt@ble A-11). In 1994, the ratio of overall Japanese
had little collaboration with industry. Since 1985, however,
professors have again begun to collaborate with industry. Many

projects are occurring, with strong industry—university
collaboration. 13The Japanese service sector may not yet be well surveyed.
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Figure 14. Industrial R&D performance, by sector
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See appendix table A-10.

industrial R&D to GDP—1.9 percent—was compa- beginning to erode Japan’s dominant economic position
rable to the U.S. proportion of 1.8 percent. However, in many markets. In a 1994 survey, Japanese compa-
Japanese industrial R&D is almost entirely (98 per- nies rated competition from Asia as one of their major
cent) financed by companies themselves. This Japa- concerns. Corporate R&D managers stressed that the
nese company-funded R&D as a percentage of GDP “creation of distinctive high-value-added products
has surpassed the U.S. ratio of company-funded R&[through research” is one of the most important Japa-
to GDP every year since 1975. In 1994, company-  nese business strategies. Japan’s future competitive-
funded R&D represented 1.9 percent of GDP in Japamess in the region is viewed as being dependent on
and 1.5 percent in the United States (figure 15). developing evermore advanced industries. Thus, there
has been an emphasis on enhancing industry’s science

Figure 15. Industrial R&D as a percent of GDP base, as well as a shift in the concentration of R&D
into newer industries. The concentration on R&D in

Percent .. . .
drugs and medicines, computers, and electrical machin-
24 ery has increased, while that in automotive industries,
22 r chemicals, and the basic metals industry of iron and
20 r steel has decreased (figure 16).
18
16 L : In the 1990s, Japanese manufacturing industries’
/s N — leading R&D areas (as a proportion of total R&D)
14 | - ————— : . e :
+ 2" U.S. company-funded continued to be in communications technology (includ-
12 """x,“"/‘( ing consumer electronics and all types of audio equip-
0 === ment), motor vehicles, and electrical machinery. But
0.8 from 1990-93, R&D expenditure levels in these indus-
1975 1980 1985 1990 1995 tries decreased, as did their share of overall industrial
See appendix table A-11. R&D. In contrast, Japan began to increase R&D
funding levels and R&D personnel in drugs and medi-
cine (figure 16).
R&D CONCENTRATIONIN Japanese industry was among the first to restruc-
M ANUFACTURING INDUSTRIES ture its manufacturing through offshoring to European,

Asian, and North American countries. As with most of
While Japanese manufacturing industries have main-the offshore production and outsourcing now occurring
tained huge trade surpluses with neighboring countriga other industrialized countries, the major R&D
in the region, the Asian developing economies are  activity has remained in the firms’ central laboratories
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Figure 16. Japanese manufacturing R&D: 1981 and 1993

in Japan. These central laboratories will continue to
work on R&D innovations, while some small amount

1/ Excludes communication equipment.
2/ Excludes drugs and medicines.

See appendix table A-110 and A-12.
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12?” of marketing research will be conducted abroad. (See
140 - D981 11993 “Nissan Offshore Manufacturingds one example of
120 LI L this trend, with R&D maintained in Japan’s industrial
10.0 - laboratories.)
80 |
60 - To a greater extent than in the United States,
40 - industrial R&D expenditures in Japan are concentrated
00 L on electrical and non-electrical machinery, radio,
0.0 television, and communications equipment (table A-13
& N &%\% \%\@ Q@q o and figure 17).
K S &
\éﬁ& s © & By 1993, drugs and medicine had the highest R&D
< expenditures as a percent of net sales at 9.9 percent,

compared with motor vehicles at 2.7 percent, or petro-

R&D by non-manufacturing industries in Japan

leum and coal at 0.9 percent (table A-13 and figure 18).

still

comprises less than 5 percent of industrial R&D.

NissaN OFFSHOREMANUFACTURING

To be free from money exchange rate problems caused by the sharp appreciation of the
Nissan has some production and R&D activity offshore. The production of automobiles abrog
mainly in the United States (Tennessee) and England, but also in Spain, Mexico, Thailand, T
wan, and South Africa. Over 1,600,000 automobiles are produced in Japan; and 600,000 arg
produced abroad. The Tennessee facility produces 450,000 cars a year. The number of cars
produced in England is restricted, but those produced are exported throughout Europe, and
3 percent of the market share.

The main R&D facilities will remain in Japan, and Nissan central laboratories will continu
the R&D necessary for cost reductions, such as low fuel consumption and low exhaust emis{
However, partial R&D work will be done abroad, in the United States and England, to design
automobiles with local parts and local suppliers. To advance technology, some parts may be
developed abroad. (Marumo, 1996).

While minimal research for particular companies will be conducted in the United States,
opportunities exist for enhanced U.S.—Japanese collaborative R&D in the automotive industr
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”
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Discussions for collaboration are underway in the important area of intelligent highways. In t
future, automobiles will be an even more intelligence-intensive product. Japan is collaboratin
with Europe and the United States on Intelligent Transport Systems (ITS) for automated hig

e

ways of the future. One technical committee of the International Standards Organization (ISQ) is
working for standardization of these future intelligent systems. Five Ministries in Japan work pn
ITS, including among others, MITI, Construction, and Transportation. Japan’s particular focug in

automated highways is research on navigation systems for ITS (Maruma, 1996).
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Figure 17. Proportion of R&D expenditures by selected

industries: 1993
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1/ Excludes communication equipment.
2/ Excludes drugs and medicines.

See appendix table A-12.

Figure 18. Japanese R&D expenditures as a percent of net
sales: 1985, 1990, and 1993
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1/ Excludes communication equipment.

See appendix table A-13.

R&D. Far stronger growth, however, occurred in hon-
manufacturing industries in the United States, which
now account for more than 25 percent of industrial
R&D. R&D performed by computer software compa-
nies and companies providing communication services
are examples of these service sector industries.

INDUSTRIAL SCIENTISTSAND

ENGINEERS ENGAGED IN R&D

Corresponding to the strong growth in industrial
funding of R&D activity in Japan and in the United
States in the 1980s is the almost equally strong growth
in the number of industrial scientists and engineers
engaged in R&D. In each country, the number of
industrial scientists and engineers increased at an
average annual rate of growth of more than 5 percent.
However, Japanese industry continued to increase their
employment of scientists and engineers for research
and development despite their economic recession in
the 1990s. In the United States, industry decreased its
employment of scientists and engineers in R&D by
about 25,000 from 1992-94 (table A-14).

Japan has more R&D scientists and engineers per
10,000 employees in manufacturing companies than
the United States. In 1993, Japan employed 622 RSEs
per 10,000 employees in manufacturing companies,
compared with 520 RSEs per 10,000 in the United
States in that same year. This higher employment of
RSEs in manufacturing companies in Japan has existed
since 1985 (table A-15).

INDUSTRY—UNIVERSITY RELATIONS

Compared with the university sector, Japanese
industry dominates as the preferred place for research
and advanced training. Industry particularly strength-
ened its research capacity in the 1980s by attracting
and training top graduates from Japanese universities,
as well as by expanding industrial research facilities.
Japanese industry interacts with both domestic and
foreign universities, especially those in the United

U.S. leading R&D performers continue to be the States.
aircraft and communications equipment industries, but

these industries’ share of overall industrial R&D fell

during the last 10 years (NSB, 1996). In contrast,

For example, Japanese industry sends its research
personnel to top U.S. universities for 1 to 2 years for

chemical industries, pharmaceutical companies, and advanced study in particular fields. Previously, few
companies primarily engaged in the manufacture of Japanese students remained long enough at U.S.
scientific instruments increased their share of industriahiversities to complete a doctoral degree. Instead,



industrial researchers more likely returned to their ~ research in sciences with development activities in
company and earned a doctorate through corporate industry. Under this program companies send their
research. While Japanese industry continues to offer igsearchers to complete a short Ph.D. degree useful to
employees the opportunity to earn their thesis doctor-their R&D laboratory. For example, the interdiscipli-
ate through research in their corporate laboratories, nary Research Center for Advanced Science and
U.S. universities also show recent small increases in Technology (RCAST) at the University of Tokyo,
the number of doctoral degrees in natural sciences arnwhich is a new Ph.D. program, receives many students
engineering earned by foreign doctoral candidates frofiom industry (researchers who have completed their
Japan master’s degrees prior to employment). At RCAST,
these doctoral students are required to switch to a field
Japanese industry is increasing its interaction withihat is different from their master’s program. Candi-
Japanese universities through donations and researcldates enter fields in which their companies would like
contracts, and also is involved in the expansion of  to expand research work. The cross-fertilization of
university-based doctoral programs. In the 1980s, sordéferent fields within a university-based doctoral
university professors worked jointly with industrial ~ program better prepares doctoral students to contribute
researchers on an area of strategic research under th® their company’s new directions than does strictly
ERATO programs. In the 1990s, Monbusho introducedithin-industry training. Under the new 1996 basic
Centers for Cooperative Research in Advanced S&T aesearch programs, industry now can conduct joint
some national universities in an effort to couple basicprojects with university professors.

4Published tabulations of the U.S. Doctorate Record File do
not show how many of the Japanese doctoral recipients are
supported by Japanese industry.
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